The earthquake record and the Code for design and construction in seismic regions in Bulgaria have shown that the territory of the Republic of Bulgaria is exposed to a high seismic risk due to local shallow and regional strong intermediate-depth seismic sources. The available strong motion database is quite limited, and therefore not representative at all of the real hazard. The application of the neo-deterministic seismic hazard assessment procedure for two main Bulgarian cities has been capable to supply a significant database of synthetic strong motions for the target sites, applicable for earthquake engineering purposes. The main advantage of the applied deterministic procedure is the possibility to take simultaneously and correctly into consideration the contribution to the earthquake ground motion at the target sites of the seismic source and of the seismic wave propagation in the crossed media. We discuss in this study the result of some recent applications of the neo-deterministic seismic microzonation procedure to the cities of Sofia and Russe. The validation of the theoretically modeled seismic input against Eurocode 8 and the few available records at these sites is discussed.
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Abstract
The earthquake record and the Code for design and construction in seismic regions in Bulgaria have shown that the territory of the Republic of Bulgaria is exposed to a high seismic risk due to local shallow and regional strong intermediate-depth seismic sources. The available strong motion database is quite limited, and therefore not representative at all of the real hazard. The application of the neo-deterministic seismic hazard assessment procedure for two main Bulgarian cities has been capable to supply a significant database of synthetic strong motions for the target sites, applicable for earthquake engineering purposes. The main advantage of the applied deterministic procedure is the possibility to take simultaneously and correctly into consideration the contribution to the earthquake ground motion at the target sites of the seismic source and of the seismic wave propagation in the crossed media. We discuss in this study the result of some recent applications of the neo-deterministic seismic microzonation procedure to the cities of Sofia and Russe. The validation of the theoretically modeled seismic input against Eurocode 8 and the few available records at these sites is discussed.
INTRODUCTION
Bulgaria, situated in the Balkan Region as a part of the Alpine-Himalayan seismic belt, characterized by high seismicity, is exposed to a high seismic risk. Over the centuries, Bulgaria has experienced strong earthquakes. In historical time we mention the 1818 (about IX MSK) and the 1858 (IX MSK, M S > 6.3) earthquakes near the capital Sofia. Some of Europe's strongest earthquakes in the 20th century occurred on the territory of Bulgaria. At the beginning of the last century (from 1901 to 1928) five earthquakes with magnitude M S >= 7.0 occurred there. In central Bulgaria a sequence of three destructive earthquakes occurred in 1928. The 1986 earthquake of magnitude M S = 5.7 in central northern Bulgaria (near the town Strazhitza) is the strongest quake after 1928. The seismicity of the neighboring areas, from Greece, Turkey, former Yugoslavia and Romania (especially the strong Vrancea intermediate depth earthquakes), contribute significantly to the seismic hazard in Bulgaria. Typical examples of long period, i.e. far-reaching seismic effects, are the Vrancea intermediate-depth earthquakes. The Bulgarian territory is regularly suffering these quakes and during the last century the earthquakes in 1908, 1940, 1977, 1986 and 1990 caused significant damage. The wave field radiated by the intermediate-depth (70 to 170 km) Vrancea earthquakes, mainly at long periods (T > 1s), attenuates less with distance, compared to the wave field generated by the earthquakes located in other seismically active zones in Bulgaria. The quake of March 4, 1977 , (M w = 7.5) caused significant damage in Bulgaria and was felt up to Central Europe [1] . Therefore the Vrancea intermediate-depth sources represent a regional danger, since large industrial areas can be seriously affected by the strong events originating in this seismogenic area. In fact, even if the Vrancea 1977 event motivated some changes in the Bulgarian Code for Design and Construction in Seismic Regions'87, the seismic excitation from the 1986 and 1990 events exceeded the prescribed seismic loading in the BG Code'87.
The recent analysis of the seismicity depth distribution in Bulgaria and the neighboring territories [2] recognized that the earthquakes in all zones occurred in the earth's crust (h < 60 km) with the exception of the events in the Vrancea (Romania) intermediate depth zone. The depths distribution shows that the earthquakes in Bulgaria are mainly located in the upper crust, and only a few events are related to the lower crust. The maximum depth is about 50 km in SW Bulgaria; outside, the foci affect only the upper 30-35 km. The maximum density of seismicity is found in the layers between 5 and 25 km. The seismicity within the Vrancea (Romania) region consists of two depth horizons: normal depth (less than 60 km) and intermediate depth (60 -180 km) earthquakes. The extreme irregularities of the isoseismals of intermediate depth earthquakes and the available damage record in Bulgaria [1] have shown that the regional seismic hazard in NE Bulgaria is controlled mainly by the Vrancea intermediate-depth events. Urban areas located at rather large distances from earthquake sources may thus be prone to severe earthquake hazard as well as the near field sites.
Worldwide, many large urban areas are settled in regions where different natural disasters have been observed. Two of the most vulnerable cities in Bulgaria, which are exposed to significant earthquake hazard, are Sofia and Russe. The available strong ground motion database [3] is too limited to reliably quantify the magnitude scaling and the attenuation characteristics of large magnitude earthquakes. The purpose of this paper is to illustrate the computed seismic input at Sofia and Russe due to local and remote strong intermediate-depth Vrancea earthquakes correspondingly.
CASE STUDY: SOFIA CITY
The city of Sofia is the main administrative centre in Bulgaria, with the densest population. Large industrial zones are located in its vicinity. If a strong earthquake should occur in the Sofia area it could produce disastrous damages in a large region, followed by numerous heavy consequences for the whole country (communications, lifelines). Strong earthquakes with M up to 7 did shake Sofia in the past centuries [1, 2, 3] . The maximum macroseismic intensity in Sofia, I = IX (MSK), observed in 1858 [4, 5] , is expected to occur with a return period of 150 years [6] , i.e. it could correspond to the strong earthquake scenario. Recently seismic hazard maps of the Circum -Pannonian Region [7, 8] , show that Sofia is placed in a node having potential for the occurrence of an earthquake with M > 6.5 and that it could suffer macroseismic intensity up to X. The seismicity of the Sofia region is limited to the upper 20 -30 km of the lithosphere. A maximum macroseismic intensity I = VIII can be expected at Sofia [9] , if an earthquake with maximum magnitude M max = 7 [5] occurs at a depth of about 20 km, and a maximum macroseismic intensity IX (and higher) can be provoked by an event with M max = 7 and focal depth around 10 km.
Recently, a synthetic database containing more than 2700 accelerograms, velocigrams and seismograms has been constructed by Paskaleva et al. [10] considering four earthquake scenarios with magnitudes M w = 3.7, M w = 6.3 and M w = 7. Synthetic ground motions along three selected geological cross sections [10] have been generated applying the neodeterministic hybrid technique [11, 12, 13] . It combines the modal summation technique [14, 15, 16, 17] used to describe the seismic wave propagation in the anelastic bedrock structure with the finite difference method [18, 19, 20] used for the computation of wave propagation in the anelastic, laterally inhomogeneous sedimentary media [21] . For the considered earthquake scenarios with magnitude Mw = 7.0 the extended source with bilateral rupture propagation is considered, and the observation point is on a line at 90 o from the rupture propagation direction [22] . The earthquake scenarios considered in this study are chosen to correspond to a seismic source, located at 10 km distance west or southwards from the city center, respectively [10 and references therein]. The assumed source parameters are chosen to approximate the seismic event which hit Sofia in 1858, Sce1_all in Table 1 . To estimate the effect of the change of the seismic source mechanism on the site response, one more set of seismic source parameters have been used -Sce1_3a in Table 1 . Both focal mechanisms, Sce1_all and Sce1_3a in Table 1 , are consistent with the available geological studies performed within the epicentral area. The obtained results are regionalized in three groups by epicentral distances: 10 -12 km, 12 -16 km and 16 -24 km. Elastic acceleration and displacement response spectra have been extracted and validated against the seismic input recommended in Eurocode 8 (EC8). The Dynamic Coefficients are computed as the ratio of the elastic acceleration response spectra amplitudes for 5% (SA 5%) damping and the Peak Ground Acceleration of the seismic signal. The comparison between the computed quantities (PGA) and the corresponding values, recommended by the EC8, are shown in Figures 1 and 2 . The synthetic seismic signals are computed for the period range 0 -10s. The period interval 0 -2.5s has been chosen as the most interesting for engineering practice, and the comparisons of the computed displacements response spectra with the Eurocode 8 (EC8) ones have been performed over this period. The comparisons of the computed dynamic coefficients shown in Figure 1 indicate that for the low period range, 0.04 -0.7s, the theoretically computed values for all models are slightly lower than the EC 8. For the periods larger than 0.7-0.8s, i.e. for periods at which observations are very scarce, the computed dynamic coefficients overestimate the EC 8 ones.
The comparisons of the computed displacement design spectra with the recommended EC8 design spectra (Figure 2) show that the synthetic spectral values for all models follow the EC 8 amplitudes for the period range T = 0.05 -1s. The synthetic amplitudes overestimate the EC 8 [23] ones for periods T = 1 -2s, at which very few reliable data are available. The comparison among the four graphs in Figures 1 and 2 shows the significant contribution of the local geology along the investigated profiles on the seismic input concerning both, signal amplitudes and frequency content. The change of the seismic source mechanism Sce1_all and Sce1_3a (bottom of Figures 1 and 2) shows that the seismic source mechanism visibly influence the spectral amplitudes, but not the frequency content of the seismic input.
CASE STUDY: RUSSE
Russe is one of the main Bulgarian cities. Russe is the biggest Bulgarian port on the Danube River and it is the most important industrial, administrative and cultural centre in NE Bulgaria, where the earthquake hazard is controlled by the strong intermediate -depth Vrancea earthquakes. Theoretical modelling of the seismic loading at Russe, due to the Vrancea intermediate depth events, has been performed by Kouteva et al. [24, 25] applying the neo-deterministic analytical procedure [17] . The procedure models the wavefield, generated by a realistic earthquake source, as it propagates through a laterally varying anelastic medium. Details on the computation model and on the geological information used were published by Paskaleva et al. [26] . In this study the target site of Russe is represented by three generalized local geological models corresponding to the soil classes A, B and C according to the EC 8 soil classification. The earthquake scenario considered is described in Table 2 . The comparison of the normalized elastic response spectra for 5% damping, extracted from the computed signals with the available record and the recommended in the EC 8 spectral values, is shown in Figure 3 . There is one three-component strong motion accelerogram available at this site, the quake of May 30, 1990 [3] . This signal, low passed filtered at cut-off frequency 3Hz, is shown in Figure 3 . The parametric analyses performed by varying the parameters describing the geometry and the movement at the seismic source [25, 27] , quantifies the contribution of the seismic source to the seismic signal amplitude. The spectral amplitudes of the generalized horizontal earthquake excitation H = (TRA 2 +RAD 2 ) 1/2 remain in the strip, limited by +/-one standard deviation of the theoretically computed signal spectra. The results, plotted in Figure 3 , show that the computed Dynamic Coefficients are consistent with the recommended EC 8 values, particularly in the period range T > 1s, which correspond to that part of the seismic signal, which is practically not influenced by the local site geology. The computed Dynamic Coefficients + one standard deviation (SA + 1σ) follow the EC 8 and the observation trend with higher amplitudes. The peak amplitudes of the synthetic signal occur at larger periods, compared to the observation and the EC8 values. The amplitudes of the computed elastic displacement spectra are significantly higher than the observed ones. The synthetics follow the EC 8 graphs for periods 0.3 < T < ~ 1.5s and for periods T > 1.5s the synthetics fall below EC 8. Considering the recent experience on the Vrancea earthquakes observation and modeling [27, 28] , the difference between synthetics, observations and the EC values can be due to the relatively shallow local geological models considered.
FINAL REMARKS
The task and results discussed in this work have been provoked by the need of reliable procedures, capable of predicting realistic seismic input. A synthetic ground motion database, containing more than 3000 site and source dependent accelerograms, velocigrams and seismograms is available for the cities of Sofia and Russe. The theoretical results are validated against the corresponding quantities, recommended in Eurocode 8. The results show that the seismic source and the local geological conditions contribute significantly to the characteristics of acceleration and displacement response spectra.
Both case studies have shown that the neo-deterministic seismic hazard assessment procedure is a capable tool for the construction of realistic synthetic strong motion databases, particularly for regions which are characterized by high seismicity and lack of instrumental earthquake record.
